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Key indicators: single-crystal X-ray study; T = 293 K; mean tr(C-C) = 0.015 A; 
R factor = 0.068; wR factor = 0.182; data-to-parameter ratio = 17.5. 



In the title tetranuclear compound, [Cu^CyH^NO^CLJ, each 
Cu 11 cation is A^,0-chelated by a piperidineethanolate anion 
and coordinated by a CP anion and two O atoms from 
neighboring piperidineethanolate anions in a distorted N0 3 C1 
square -pyramidal geometry. The deprotonated hydroxyl 
groups of the piperidineethanolate anions bridge Cu 11 cations, 
forming the tetranuclear complex. All piperidine rings display 
a chair conformation. In the crystal, there are no significant 
intermolecular interactions present. The crystal studied was an 
inversion twin refined with a minor component of 0.18 (5). 



Experimental 

Crystal data 

[Cu 4 (C 7 H 14 NO)4Cl4] 
M, = 908.72 
Tetragonal, P4 t 2j2 
a = 13.9016 (2) A 
c = 38.8340 (9) A 
V = 7504.8 (3) A 3 

Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2001) 
r mi „ = 0.569, r m „ = 0.753 

Refinement 

R[F 2 > 2a(F 2 )} = 0.068 

wR(F 2 ) = 0.182 

S = 1.17 

6976 reflections 

398 parameters 

H-atom parameters constrained 



Z = 8 

Cu Ka radiation 
fi = 5.47 mnT 1 
T = 293 K 

0.16 x 0.12 x 0.08 mm 



66705 measured reflections 
6976 independent reflections 
6547 reflections with / > 2a(I) 
R in , = 0.066 



Ap mi « = 0.93 e A 

A/3 mi „ = -0.81 e A~ 3 

Absolute structure: Flack (1983), 

2913 Friedel pairs 
Absolute structure parameter: 

0.18 (5) 



Data collection: APEX2 (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL. 

This work was supported financially by Hefei University of 
Technology, China. 



Related literature 

For related metal complexes with piperidineethanolate as a 
chelating ligand, see: Yilmaz et al. (2010); Hamamci et al. 
(2008). 




Supporting information for this paper is available from the IUCr 
electronic archives (Reference: XU5784). 
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Tetrakis[/i3-2-(piperidin-1-yl)ethanolato]tetrakis[chloridocopper(ll)] 
Mei Luo, Yong-Hua Huang and Jing-Cheng Zhang 

1. Comment 

The piperidineethanol chelated metal complexes have been synthesized and their crystal structures have been reported 
previously (Hamamci et al, 2008; Yilmaz et al. 2010). We report here the structure of the title tetranuclear complex, a 
Cu 11 complex N,0-chelated by the deprotonated piperidineethanol anion. 

The molecular structure is shown in Fig. 1 . Each Cu 11 cation is N,0-chelated by a piperidineethnolate anion and 
coordinated by a CI" anion and two O atoms from neighboring piperidineethanolate anions in a distorted N0 3 C1 square- 
pyramidal geometry. The Cu — O bond distances in the apical direction are significantly longer than those in the basal 
planes. The deprotonated hydroxyl groups of piperidineethanolate anions bridge the Cu 11 cations to form the tetranuclear 
complex. The piperidine ring displays a chair conformation. 

In the crystal, there are no significant intermolecular interactions present. 

2. Experimental 

l-(2-Hydroxyethyl)piperidine (1.292 g, 10 mmol) was added to a methanol solution (50 ml) of CuCl2.2H 2 0 (0.853 g, 5 
mmol). The mixture was refluxed for 48 h. The filtrate was slowly evaporated, the blue single crystals were obtained after 
a day. 

3. Refinement 

H atoms were placed in calculated positions with C — H = 0.97 A, and refined in riding mode with Ui S0 (H) = 1.2U eq (C). 
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Figure 1 

The structure of the title compound with displacement ellipsoids drawn at the 50% probability level. 
Tetrakis[|/3-2-(piperidin-1-yl)ethanolato]tetrakis[chloridocopper(ll)] 



Crystal data 

[Cu 4 (C 7 Hi4NO)4Cl4] 
M r = 908.72 
Tetragonal, P4\2{2 
Hall symbol: P 4abw 2nw 
a = 13.9016(2) A 
c= 38.8340 (9) A 
V= 7504.8 (3) A 3 
Z=8 

7^(000) = 3744 
Data collection 

BrukerAPEXII CCD 

diffractometer 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2001) 
r mm = 0.569, T max = 0.753 
66705 measured reflections 



£> x = 1.609 MgnT 3 

Cu Ka radiation, X = 1.54178 A 

Cell parameters from 9940 reflections 

61 = 3.9-68.8° 

ju = 5.47 mm -1 

7=293 K 

Prism, blue 

0.16 x 0.12 x 0.08 mm 



6976 independent reflections 
6547 reflections with I > 2a{I) 
R mt = 0.066 

&U = 69.7°, 6U = 3.4° 
h = -16— >16 
/fc = -16->45 
/ = -45^46 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F > laiF 1 )] = 0.068 
wR(F 1 ) = 0.182 
S = 1.17 
6976 reflections 
398 parameters 
0 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 

Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Refinement. Refined as a 2-component inversion twin. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 




2 


' iso ' eq 


Cul 


0.03847 (9) 


0.68690 (8) 


-0.03396 (3) 


0.0359 (3) 


Cu2 


0.19814(9) 


0.54936 (8) 


-0.03808 (3) 


0.0352 (3) 


Cu3 


0.19184 (8) 


0.68392 (9) 


0.03586 (3) 


0.0336 (3) 


Cu4 


0.05180 (8) 


0.52599 (8) 


0.03383 (4) 


0.0366 (3) 


Cll 


0.02892 (19) 


0.84482 (16) 


-0.04415 (7) 


0.0529 (6) 


C12 


0.20776 (19) 


0.39762 (16) 


-0.05687 (8) 


0.0545 (6) 


C13 


0.34843 (16) 


0.68975 (19) 


0.04958 (7) 


0.0502 (6) 


C14 


-0.10283 (18) 


0.5147 (2) 


0.04883 (9) 


0.0632 (8) 


Nl 


0.3352 (5) 


0.5899 (5) 


-0.05397 (18) 


0.0368 (16) 


N2 


-0.0955 (6) 


0.6526 (5) 


-0.0528 (2) 


0.0417(18) 


N3 


0.1545 (5) 


0.8161 (5) 


0.05649 (18) 


0.0341 (15) 


N4 


0.0914 (5) 


0.3890 (5) 


0.04787 (19) 


0.0361 (16) 


01 


0.1787 (4) 


0.6858 (4) 


-0.02744 (15) 


0.0325 (12) 


02 


0.0590 (4) 


0.5475 (4) 


-0.02994 (15) 


0.0370 (13) 


03 


0.0527 (4) 


0.6684 (4) 


0.02958 (17) 


0.0394 (14) 


04 


0.1893 (4) 


0.5442 (4) 


0.02558 (15) 


0.0346 (12) 


CI 


0.2455 (6) 


0.7412 (6) 


-0.0465 (2) 


0.040 (2) 


H1A 


0.2478 


0.8062 


-0.0374 


0.048* 


H1B 


0.2257 


0.7445 


-0.0704 


0.048* 


C2 


0.3414(6) 


0.6967 (6) 


-0.0440 (2) 


0.0364 (19) 


H2A 


0.3656 


0.7027 


-0.0207 


0.044* 


H2B 


0.3857 


0.7296 


-0.0593 


0.044* 


C3 


0.3439 (7) 


0.5788 (7) 


-0.0916 (2) 


0.042 (2) 


H3A 


0.2995 


0.6228 


-0.1027 


0.050* 


H3B 


0.3252 


0.5139 


-0.0979 


0.050* 


C4 


0.4451 (8) 


0.5979 (8) 


-0.1053 (3) 


0.051 (2) 


H4A 


0.4479 


0.5813 


-0.1295 


0.062* 



Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/[a 2 (F 0 2 ) + (0.0407P) 2 + 55.9102P] 

where P = (F 2 + 2F 2 )/3 
(A/<7) max = 0.001 
A/w = 0.93 e A 3 
Ap mto = -0.81 eA- 3 

Absolute structure: Flack (1983), 2913 Friedel 
pairs 

Absolute structure parameter: 0.18 (5) 
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T T A Ti 

H4B 


A A CAT 

0.4597 


0.6659 


A 1 AO 1 

-0.1031 


A A/^O sk 

0.062* 


G5 


0.5196 (7) 


0.5397 (8) 


A AOCT ZO\ 

-0.0857 (2) 


A ACA /ON 

0.050 (2) 


TJf A 


0.5836 


A C CTT 

0.55 / / 


A AAO O 

—0.0932 


A A£A* 

0.060* 


H5B 


A C 1 A/" 

0.5106 


A O 

0.47 18 


A AAA A 

-0.0904 


A A/'Ask 

0.060* 


Co 


0.5095 (5) 


0.5583 (8) 


A A A CC\ ZO\ 

-0.0469 (2) 


A A A ~i ZO\ 

0.043 (2) 


H6A 


0.5560 


A C 1 AO 

0.5198 


A A1 A A 

-0.0344 


A AC 1 * 

0.051* 


H6B 


A fill 

0.5221 


A /"O C C 

0.6255 


A A A OA 

-0.0420 


A AC 1 sfc 

0.051* 


C7 


A /I A O A //""\ 

0.4089 (6) 


A n O O /T\ 

0.5323 (7) 


A AT C T /O \ 

-0.0357 (2) 


A A A A /ON 

0.040 (2) 


T_T"7 A 


U.j9 / / 


f\ A &A £ 


— U.U4U1 


A (\A O* 


H7B 


0.4028 


0.5430 


-0.0111 


A A /I O sfc 

0.048* 


C8 


A A 1 A /I /T\ 

-0.0104 (7) 


0.4958 (6) 


A A A AO /"") \ 

-0.0498 (3) 


A A A /" /ON 

0.046 (2) 


Til) A 

HoA 


A A1 CO 

—0.015s 


A A 1 AO 

0.4302 


A A/I 1 C 

—0.0415 


A ACC* 

0.055* 


Hob 


A A AO A 

0.0084 


A A A A A 

0.4944 


A ATO O 

-0.0738 


A AC C * 

0.055* 


C9 


A 1 A/"A //"\ 

-0.1069 (6) 


A C A OA //""\ 

0.5489 (6) 


A A A C C /O \ 

-0.0455 (3) 


A A A 1 ZO\ 

0.041 (2) 


T in A 

H9A 


A 1 C A A 

—0.1540 


A CO 1 T 

0.5217 


A A /_ 1 O 

-0.0612 


A ACAsfc 

0.050* 


H9B 


-0.1304 


0.5404 


A AO O O 

-0.0222 


A A C A sfc 

0.050* 


(~< 1 A 

CIO 


-0.1754 (6) 


A T AA 1 

0.7091 (7) 


A AO /TO /O \ 

-0.0363 (3) 


A A A A ZO\ 

0.044 (2) 


TJ1AA 

H1UA 


n i /;aa 
— U.16UU 


A HHH 1 

U. / / / I 


— U.03 10 


A (Ifl * 

U.ID 3 T 


H10B 


-0.1791 


0.6918 


-0.0121 


0.053* 


nil 

Cll 


a /t\ 

-0.2722 (7) 


A /"AOC / A\ 

0.6925 (9) 


A ACOT / A\ 

-0.0527 (4) 


A ATO / A \ 

0.072 (4) 


T-T1 1 A 

Hi 1A 


—0.3205 


A TO 1 A 
0. /3 10 


— U.U41 1 


A ACT* 

0.08 /* 


hub 


A O AAA 

-0.2900 


A /"O C O 

0.6253 


A AC A A 

-0.0504 


A AOTik 

0.087* 


C12 


A 1/'^/ /A\ 

-0.2676 (9) 


A TO A A /A\ 

0.7200 (9) 


A AAAT / A \ 

-0.0907 (4) 


A AT /I / A \ 

0.074 (4) 


T r i ^ a 


—0.3292 


A TAT A 
0. /0/4 


A 1 A 1 C 

—0.1016 


a non* 
U.U89* 


T[i in 

H12B 


A O C "5 *7 

-0.2537 


A TOOl 

0.7881 


A A AO A 

0 . 0930 


A AO A * 

0.089* 


C13 


-0.1893 (10) 


0.6614 (9) 


A 1 AO "1 /I \ 

-0.1083 (3) 


0.068 (3) 


TT1 O A 

HI 3A 


A 1 OTf 

-0.1835 


A CO 1 A 

0.6819 


A 1 111 

-0.1321 


A AOO sfc 

0.082* 


T T 1 O 1~1 

H13B 


A OAT /I 

-0.2074 


A C A /I A 

0.5940 


A 1 AOO 

-0.1082 


A AOO sfc 

0.082* 


C14 


a aata in\ 

-0.0920 (7) 


0.6728 (7) 


A AAA A n\ 

-0.0904 (2) 


A A a n /o\ 

0.047 (2) 


T T 1 A A 


A A A C 1 

-0.0461 


0.6296 


A 1 A 1 1 

—0.1011 


0.056* 


H14B 


-0.0692 


A TO O A 

0.7380 


A AAO A 

-0.0939 


0.056* 


C15 


A A A AO /m 

0.0002 (7) 


A TOO /" //'N 

0.7326 (6) 


A AC 1 A /O \ 

0.0510 (3) 


A A A O /ON 

0.048 (2) 


T-T1 £ A 


A A A 1 0 

—V.vVIZ 


A TAO 1 

u. /uy i 


a an a £ 
U.U /4D 


A ACOsf; 


H15B 


-0.0654 


A TO A A 

0.7390 


A A A O O 

0.0428 


A A C O sfc 

0.058* 


C16 


A A C A A / "7 \ 

0.0504 (7) 


A O O C /" /T\ 

0.8256 (7) 


A A A AO /O \ 

0.0492 (3) 


A A A O /O \ 

0.048 (2) 


i_ri £ a 
H16A 


U.UzzU 


U.8693 


U.U65 / 


A ACT* 

0.05 /* 


T T 1 ZTFJ 

H16B 


A A A 1 A 

0.0419 


A O O A 

0.8530 


A AT ^ /I 

0.0264 


A ACTsfc 

0.057* 


C17 


0.2152 (7) 


A OAAO //"\ 

0.8908 (6) 


A A A 1 T /O \ 

0.0417 (2) 


A A A A /O \ 

0.040 (2) 


T r i t a 

Hi /A 


A O A 1 

0.2016 


A OA/CO 

0.8962 


A A 1 TO 
0.01 11 


A A A Tsfc 
0.04 /* 


H17B 


A O Ol O 

0.2822 


A OTO 

0.8726 


A A A A O 

0.0442 


A A /I Tsfc 

0.047* 


Lis 


A 1 AO A ZO\ 

0.1989 (8) 


A AO O C SH\ 

0.9886 (7) 


A AC O O /O \ 

0.0588 (3) 


A AC C /I \ 

0.055 (3) 


T r i o a 

HloA 


A O A AO 

0.2402 


1 A1 £L A 

1.0364 


U.U48/ 


0.066* 


H18B 


A 1 O O Z' 

0.1326 


1 AAO C 

1.0085 


0.0555 


A A/'/'sfc 

0.066* 


C19 


0.2207 (8) 


0.9825 (8) 


0.0970 (3) 


0.058 (3) 


H19A 


0.2888 


0.9703 


0.1004 


0.069* 


H19B 


0.2048 


1.0430 


0.1080 


0.069* 


C20 


0.1625 (8) 


0.9022 (7) 


0.1127 (3) 


0.050 (2) 


H20A 


0.1810 


0.8947 


0.1367 


0.060* 


H20B 


0.0949 


0.9196 


0.1122 


0.060* 
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C21 


0.1757 (7) 




0.8089 (7) 


0.0946 (2) 


0.041 (2) 




H21A 


0.1336 




0.7612 


0.1048 


0.050* 




H21B 


0.2415 




0.7873 


0.0977 


0.050* 




C22 


0.2464 (7) 




0.4756 (7) 


0.0441 (3) 


0.048 (2) 




H22A 


0.2485 




0.4913 


0.0684 


0.057* 




H22B 


0.3115 




0.4738 


0.0352 


0.057* 




C23 


0.1969 (6) 




0.3820 (7) 


0.0384 (3) 


0.043 (2) 




H23A 


0.2274 




0.3326 


0.0522 


0.052* 




H23B 


0.2028 




0.3637 


0.0143 


0.052* 




C24 


0.0357 (8) 




0.3141 (7) 


0.0299 (3) 


0.051 (2) 




H24A 


0.0519 




0.3168 


0.0056 


0.061* 




H24B 


-0.0320 




0.3298 


0.0320 


0.061* 




C25 


0.0498 (10) 


0.2113 (9) 


0.0421 (3) 


0.068 (3) 




H25A 


0.0042 




0.1698 


0.0304 


0.082* 




H25B 


0.1141 




0.1901 


0.0360 


0.082* 




C26 


0.0364 (8) 




0.2022 (7) 


0.0800 (3) 


0.055 (3) 




H26A 


0.0553 




0.1381 


0.0872 


0.066* 




H26B 


-0.0310 




0.2108 


0.0856 


0.066* 




C27 


0.0955 (9) 




0.2757 (8) 


0.0991 (3) 


0.054 (3) 




H27A 


0.1632 




0.2599 


0.0967 


0.065* 




H27B 


0.0795 




0.2731 


0.1234 


0.065* 




C28 


0.0785 (7) 




0.3783 (7) 


0.0857 (2) 


0.044 (2) 




H28A 


0.0137 




0.3978 


0.0917 


0.053* 




H28B 


0.1227 




0.4216 


0.0973 


0.053* 




Atomic displacement parameters (A 2 ) 




U n 


IP 


U 33 


U u 


U 13 


IP 


Cul 


0.0306 (6) 


0.0252 (6) 


0.0519(7) 


0.0000 (5) 


-0.0094 (6) 


0.0002 (6) 


Cu2 


0.0311 (6) 


0.0219(6) 


0.0527 (7) 


0.0011 (5) 


-0.0025 (6) 


-0.0030 (5) 


Cu3 


0.0254 (6) 


0.0291 (6) 


0.0463 (7) 


0.0015 (5) 


-0.0030 (5) 


-0.0041 (5) 


Cu4 


0.0252 (6) 


0.0267 (6) 


0.0578 (8) 


-0.0005 (5) 


-0.0042 (6) 


0.0029 (6) 


Cll 


0.0513 (14) 


0.0268 (10) 


0.0807 (17) 


0.0015 (9) 


-0.0163 (12) 


0.0049(11) 


C12 


0.0510(14) 


0.0273 (11) 


0.0854 (18) 


-0.0012 (10) 


0.0042 (12) 


-0.0133 (11) 


C13 


0.0267 (10) 


0.0533 (14) 


0.0706 (15) 


0.0043 (10) 


-0.0088 (10) 


-0.0159(12) 


C14 


0.0335 (12) 


0.0500 (14) 


0.106 (2) 


-0.0035 (10) 


0.0059 (13) 


0.0126(14) 


Nl 


0.038 (4) 


0.036 (4) 


0.036 (4) 


-0.010 (3) 


-0.003 (3) 


-0.001 (3) 


N2 


0.043 (4) 


0.027 (4) 


0.055 (4) 


-0.007 (3) 


-0.018(4) 


0.002 (3) 


N3 


0.043 (4) 


0.021 (3) 


0.038 (4) 


0.000 (3) 


-0.002 (3) 


-0.004 (3) 


N4 


0.026 (4) 


0.034 (4) 


0.048 (4) 


-0.008 (3) 


-0.001 (3) 


0.002 (3) 


01 


0.025 (3) 


0.025 (3) 


0.047 (3) 


0.008 (2) 


-0.003 (2) 


0.001 (2) 


02 


0.031 (3) 


0.026 (3) 


0.054 (3) 


0.010 (2) 


-0.011 (3) 


-0.008 (3) 


03 


0.025 (3) 


0.026 (3) 


0.067 (4) 


0.009 (2) 


0.002 (3) 


-0.005 (3) 


04 


0.028 (3) 


0.026 (3) 


0.050 (3) 


0.008 (2) 


-0.005 (2) 


0.005 (2) 


CI 


0.034 (5) 


0.027 (4) 


0.058 (5) 


-0.004 (3) 


0.022 (4) 


0.003 (4) 


C2 


0.026 (4) 


0.039 (5) 


0.044 (5) 


-0.006 (4) 


0.002 (3) 


-0.011 (4) 


C3 


0.038 (5) 


0.039 (5) 
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p J PO TT") A 

C4 — C3 — H3A 


1 AO O 

108.8 


Nl — C3 — H3B 


1 AO O 

108.8 


C4 — C3 — H3B 


108.8 


T TO A /™1 0 TT-iri 

H3A — C3 — H3B 


107.7 


p r r ■• a p -) 

C5 — C4 — C3 


111.2 (8) 


t~*Z f^A TJA A 

C5 — C4 — H4A 


1 AO A 

109.4 


C3 — C4 — H4A 


109.4 


pi c p a TT/ir> 

C5 — C4 — H4B 


109.4 


C 3 — C4 — H4B 


1 AA A 

109.4 


H4A — C4 — H4B 


1 AO A 

108.0 


p a s~ 1 r pi /- 

C4 — C5 — Co 


1 AA A ZO\ 

109.9 (8) 


C ' A p c TTC A 

C4 — C5 — H5A 


1 AA H 

109.7 


p / p r T TC A 

Co — C5 — H5A 


1 AA H 

109.7 


C • A p c TTCT) 

C4 — C5 — H5B 


1 AA T 

109.7 


p /" p r TTf Tl 

C6 — C5 — H5B 


109.7 


TTf a p r TTf Tl 

H5A — C5 — H5B 


108.2 


p -7 p / p c 

C7 — Co — C5 


1 AA O /ON 

109.2 (8) 


/""7 f ' /_ TT/T A 

C7 — Co — Ho A 


1 AA O 

109.8 


pi C /~1 / TT/" A 

C5 — C6 — H6A 


109.8 


p -7 p / TT/'TO 

C7 — Co — H6B 


1 AA O 

109.8 


C5— C6— H6B 


109.8 


H6A— C6— H6B 


108.3 


Nl— C7— C6 


111.9(7) 


Nl— C7— H7A 


109.2 


C6— C7— H7A 


109.2 


Nl— C7— H7B 


109.2 



T T 1 A A / ' 1 r\ T T 1 AT~i 

H19A — C19 — H19B 


108.3 


C2l — C20 — Cl9 


1 12.7 (9) 


/- ' -\ 1 /- ■> /\ TTOAA 

C2 1 — C20 — H20A 


1 AA 1 

109.1 


f t \ t\ s • T TO A A 

C19 — C20 — H20A 


109.1 


/"< O 1 /"~10/"\ TTIATI 

C21 — C20 — H20B 


109.1 


f 1 r\ s ' /-» /-\ T TO A TO 

C19 — C20 — H20B 


109.1 


TTOA A POA TTOAT* 

H20A — C20 — H20B 


107.8 


1 X TO 

C20 — C2l — N3 


112.5 (8) 


/"'OA /"" O 1 TTO 1 A 

CzO — Czl — HzlA 


1 AA 1 

109.1 


X TO 1 T TO 1 A 

N3 — C2l — H21A 


109.1 


C20 — C21 — H21B 


109.1 


X TO 1 TTO 1 7~i 

N3 — C2 1 — H2 1 B 


109.1 


TTO 1 A PO 1 TTO 1 T"» 

H21A — C21 — H21B 


107.8 


a POO POO 

04 — C22 — C23 


104.5 (7) 


/" "\ A /^AA TTOO A 

04 — C22 — H22A 


110.8 


POO POO TTOO A 

C23 — C22 — H22A 


110.8 


Pi A POO TTOOTi 

04 — C22 — H22B 


110.8 


P O O POO T to on 

C23 — C22 — H22B 


110.8 


TTOO A /"IOO TTOOTO 

H22A — C22 — H22B 


108.9 


POO POO \T/I 

C22 — C23 — N4 


1 1 A O / "7 \ 

110.8 (7) 


C22 — C23 — H23A 


1 AA C 

109.5 


X T A PO O T TO O A 

N4 — C23 — H23A 


109.5 


C22 — C23 — H23B 


109.5 


\I < --\ ^ TTOOTO 

N4 — C23 — H23B 


109.5 


TTOO A POO TTOOT) 

H23A — C23 — H23B 


1 AO 1 

108.1 


X T A VI i*\ A /—1 r\ 

N4 — C24 — C25 


116.7 (9) 


A T TO A A 

N4 — C24 — H24A 


108.1 


PO C PO A T TO A A 

C2 5 — C24 — H24 A 


108.1 


XT/1 PO A TTO/ITi 

N4 — C24 — H24B 


1 AO 1 

108.1 


O C /"IO /I T TO A TO 

C25 — C24 — H24B 


108.1 


TTO A A /"IO /I TTO ^ TO 

H24A — C24 — H24B 


107.3 


PO/" POC PO A 

L26 — C25 — C24 


111.9 (9) 


r^^ti pi; tiic a 

C26 — C25 — H25A 


1 AA T 

109.2 


C24 — C25 — H25A 


109.2 


/""< O /" /""IO C TTO^TO 

C26 — C25 — H25B 


109.2 


PO A PO C TTO C TO 

C24 — C25 — H25B 


109.2 


TTOC A POC TTOCTO 

H25A — C25 — H25B 


107.9 


O C /^O /" /HAH 

C25 — C26 — C27 


111.1 (10) 


POC PO/" TTO/' A 

C25 — C26 — H26A 


109.4 


POT PO/" TTO/' A 

C27 — C26 — H26A 


1 AA A 

109.4 


P O C PO f TTO /"TO 

C25 — C26 — H26B 


109.4 


i~* O "7 /~(A/- TTO/TO 

C27 — C26 — H26B 


109.4 


TTO/' A PO/" TTO/'TO 

H26A — C26 — H26B 


108.0 


C26— C27— C28 


112.3 (8) 


C26— C27— H27A 


109.1 


C28— C27— H27A 


109.1 


C26— C27— H27B 


109.1 


C28— C27— H27B 


109.1 


H27A— C27— H27B 


107.9 
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C6— C7— H7B 
H7A— C7— H7B 
02— C8— C9 
02— C8— H8A 
C9— C8— H8A 
02— C8— H8B 



109.2 

107.9 

106.9 (7) 

110.4 

110.4 

110.4 



N4— C28— C27 
N4— C28— H28A 
C27— C28— H28A 
N4— C28— H28B 
C27— C28— H28B 
H28A— C28— H28B 



114.0(8) 

108.7 

108.7 

108.7 

108.7 

107.6 



01— Cul— Cu2— 02 
N2— Oil— Cu2— 02 
Cll— Cul— Cu2— 02 

02— Cul— Cu2— 01 
N2— Cul— Cu2— 01 
Cll— Cul— Cu2— 01 
02— Cul— Cu2— Nl 

01— Cul— Cu2— Nl 
N2— Cul— Cu2— Nl 
Cll— Cul— Cu2— Nl 

02— Cul— Cu2— C12 

01— Cul— Cu2— C12 
N2— Cul— Cu2— C12 
Cll— Cul— Cu2— C12 

03— Cu3— Cu4— 04 
N3— Cu3— Cu4— 04 
C13— Cu3— Cu4— 04 

04— Cu3— Cu4— 03 
N3— Cu3— Cu4— 03 
C13— Cu3— Cu4— 03 

03— Cu3— Cu4— N4 

04— Cu3— Cu4— N4 
N3— Cu3— Cu4— N4 
C13— Cu3— Cu4— N4 

03— Cu3— Cu4— C14 

04— Cu3— Cu4— C14 
N3— Cu3— Cu4— C14 
C13— Cu3— Cu4— C14 

02— Cu2— Nl— C3 

01— Cu2— Nl— C3 
C12— Cu2— Nl— C3 
Cul— Cu2— Nl— C3 

02— Cu2— Nl— C7 

01— Cu2— Nl— C7 
C12— Cu2— Nl— C7 
Cul— Cu2— Nl— C7 

02— Cu2— Nl— C2 

01— Cu2— Nl— C2 
C12— Cu2— Nl— C2 
Cul— Cu2— Nl— C2 

02— Cul— N2— C9 
01— Cul— N2— C9 



154.7 (4) 
-37.2 (4) 
-173.6(3) 
-154.7 (4) 
168.2 (4) 
31.7(3) 
172.0 (3) 
-33.3 (3) 
134.9 (4) 
-1.5 (3) 
33.7(3) 
-171.6(3) 
-3.5 (3) 
-139.90(16) 
155.2 (4) 
-170.2 (3) 
-33.2 (3) 
-155.2 (4) 
34.6 (4) 
171.6(3) 
-170.0(4) 
34.8 (3) 
-135.4 (3) 

I. 6(3) 
-31.5 (3) 
173.4 (3) 
3.2 (3) 
140.15 (16) 
-72.1 (11) 
-111.7(6) 
60.4 (6) 
-90.2 (6) 
165.0 (8) 
125.4 (6) 
-62.6 (6) 
146.9 (5) 
45.8(11) 
6.2 (5) 
178.2 (5) 
27.6 (6) 

II. 8(6) 
59.4(11) 



N2— Cul— 02— C8 
Cll— Cul— 02— C8 
Cu2— Cul— 02— C8 
01— Cul— 02— Cu2 
N2— Cul— 02— Cu2 
Cll— Cul— 02— Cu2 
04— Cu3— 03— C15 
N3— Cu3— 03— C15 
C13— Cu3— 03— C15 
Cu4— Cu3— 03— C15 
04— Cu3— 03— Cu4 
N3— Cu3— 03— Cu4 
C13— Cu3— 03— Cu4 
04— Cu4— 03— C15 
N4— Cu4— 03— CI 5 
C14— Cu4— 03— C15 
Cu3— Cu4— 03— CI 5 
04— Cu4— 03— Cu3 
N4— Cu4— 03— Cu3 
C14— Cu4— 03— Cu3 
03— Cu4— 04— C22 
N4— Cu4— 04— C22 
C14— Cu4— 04— C22 
Cu3— Cu4— 04— C22 
03— Cu4— 04— Cu3 
N4— Cu4— 04— Cu3 
C14— Cu4— 04— Cu3 
03— Cu3— 04— C22 
N3— Cu3— 04— C22 
C13— Cu3— 04— C22 
Cu4— Cu3— 04— C22 
03— Cu3— 04— Cu4 
N3— Cu3— 04— Cu4 
C13— Cu3— 04— Cu4 
Cu2— 01— CI— C2 
Cul— 01— CI— C2 
01— CI— C2— Nl 
C3— Nl— C2— CI 
C7— Nl— C2— CI 
Cu2— Nl— C2— CI 
C7— Nl— C3— C4 
C2— Nl— C3— C4 



16.2 (6) 
-93.1 (16) 
-132.6(7) 
-16.7 (2) 
148.7 (3) 
39.4(16) 

147.7 (6) 
-19.1 (6) 
79.0(15) 

131.4 (7) 

16.3 (2) 
-150.5 (3) 
-52.4 (15) 
-138.1 (7) 
-94.8 (10) 
36.0 (7) 
-121.5 (8) 
-16.6(3) 
26.6 (10) 

157.5 (2) 
145.5 (6) 
-21.3 (6) 
82.0 (17) 
129.1 (7) 

16.4 (2) 
-150.4 (3) 
-47.1 (17) 
-137.8(7) 
-95.2 (10) 
34.9 (7) 
-121.2 (7) 
-16.6 (2) 
26.0 (9) 

156.08 (19) 
-45.4 (8) 
-158.8(5) 
52.2(10) 
85.9 (9) 
-150.2 (7) 
-31.7(8) 
-52.3 (10) 
71.6(10) 
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p 1 i p. . i xt^ rin 

Cll — Cul — N2 — C9 


—i/5.2 (6) 


Cu2 — N 1 — C3 — C4 


-174.6 (6) 


P, , O P. , 1 PA 

Cu2 — Cu 1 — N 2 — C9 


ICC SH\ 

35.5 (7) 


N 1 — C3 — C4 — C5 


C 1 £ / 1 1 \ 

51.6 (11) 


p.1 P.. 1 xti P 1 /I 

02 — Cu 1 — N 2 — C 1 4 


-106.9 (6) 


C3 — C4 — C5 — C6 


O O / 1 o\ 

—53.8 (12) 


p. 1 p.. 1 \ti p 1 /i 

Ol — Cul — JN2 — C14 


cn /i / 1 n\ 

-59.4 (10) 


C4 — C5 — C6 — C7 


CO A / 1 1 \ 

58.0 (11) 


p 1 i P » » i XTO /''I /I 

CI 1 — Cu 1 — JN 2 — C 1 4 


66.0 (6) 


C3 — N 1 — C7 — C6 


C £ O ( 1 A\ 

56.8 (10) 


P, , O P , , 1 XTO P 1 /I 

Cu2 — Cu 1 — N 2 — C 1 4 


-83.2 (6) 


C2 — N 1 — C7 — C6 


£tCC / 1 A \ 

-66.5 (10) 


P.") P.. 1 XT") P 1 A 

02 — Cu 1 — N 2 — C 1 0 


m i //'\ 

132.1 (6) 


Cu2 — N 1 — C7 — C6 


1 TA a tn\ 

179.0 (7) 


p. i p . , i xto nn 

0 1 — Cll 1 — N 2 — C 1 0 


179.7 (7) 


C5 — Co — C7 — N 1 


C A A / 1 A\ 

-59.9 (10) 


c ' 1 1 p , , i xto 

Cll — Cul — JN2 — Cll) 


— jj.U (o) 


Cu2 — U2 — C o — cy 


1 c a n 
— 154. / (OJ 


P, , O p , , 1 XTO n A 

Cu2 — Cu 1 — N 2 — C 1 0 


1 c c o /c \ 

155.8 (5) 


Cul — 02 — C8 — C9 


OA O /A\ 

-39.2 (9) 


P.O P..') XT') 1 -7 

03 — Cu3 — JN 3 — C 1 7 


-132.6 (6) 


1 /I XTI /~" A r^O 

C 1 4 — N 2 — C 9 — C 8 


no i /a\ 

78.3 (9) 


t~\ A . , ") XT') /" • 1 -7 

04 — Cu3 — JN 3 — C 1 7 


-174.8 (7) 


C 1 0 — N 2 — C y — C o 


W CO a /o\ 

-158.4 (8) 


pi") p,.') XT'? rn 
C13 — Cu3 — JN3 — CI / 


55.2 (6) 


Z" 1 ,, 1 XTO /^A P O 

Cu 1 — JN 2 — C y — C o 


1 1£ O /A^ 

— 3o.2 [y) 


p. . zi ('■..") XT') nn 

Cu4 — Cu3 — JN 3 — C 1 7 


-155.2 (5) 


/ o pn xto 

02 — C8 — C9 — N2 


CI 1 / 1 A\ 

51.1 (10) 


03 — Cu3 — N3 — C 1 6 


-8.6 (6) 


C9 — N2 — C 1 0 — C 1 1 


-69.4 (11) 


C\ A P . , ") XT') Z" 1 1 /T 

04 — Cu3 — N 3 — C 1 6 


C A O /1 1 \ 

-50.8 (11) 


/"M/l XTO pi A ni i 

C 1 4 — N 2 — C 1 0 — C 1 1 


C A A /1 1 \ 

54.9 (11) 


pn p..") XT'? f~* 1 £ 
C13 — Cu3 — JN3 — C16 


1 /9.2 (6) 


f ' 1 XTO PI A P1 1 

Cu 1 — JN 2 — C 1 U — C 1 1 


1 ni c t o\ 
1 /3.6 (8) 


P. . /I ('• . . 1 XT") r"1 £ 

Cu4 — Cu3 — N 3 — C 1 6 


-31.2 (6) 


x r -« piA n 1 pn 

N 2 — C 1 0 — C 1 1 — C 1 2 


CO A / 1 1\ 

-58.9 (12) 


/~\o o XTT p o ■] 

03 — Cu3 — N3 — C2 1 


110.4 (6) 


C 1 0 — C 1 1 — C 12 — C 1 3 


57.6 (12) 


f~\ A P , , O XT') PH 

04 — Cu3 — JN3 — C21 


£. O I / 1 A\ 

68.2 (10) 


pii 1 pn pi O P1/1 

Cll — C12 — C13 — C14 


f f o / 1 O \ 

—55.2 (13) 


r*\1 /"'i.Q XT'} r">i 

C13 — Cu3 — JN 3 — C2 1 


/T1 O /C\ 

—61.8 (5) 


pn xto p i /i nn 
Cy — JN 2 — C 1 4 — C 1 3 


n^i i { 1 a\ 
/2.3 (10) 


p , , a p . . ") XT') rn 

Cu4 — Cu3 — JN 3 — C2 1 


on o /c \ 

87.8 (5) 


pi A \T1 P 1 /I p 1 

C 1 0 — N2 — C 14 — C 1 3 


C 1 A / 1 A\ 

-51.0 (10) 


tT\ A P A XT/1 A 

04 — Cu4 — JN4 — C24 


-128.1 (6) 


P 1 \T1 P 1 A P 1 ") 

Cul — N2 — C14 — C13 


1 TO A /T\ 

-173.9 (7) 


PiO P., /I XT/1 /" 1 ~) A 

03 — Cu4 — JN4 — C24 


—171.0 (7) 


pii p 1 -> P1/1 XT^> 

C 1 2 — C 1 3 — C 1 4 — JN 2 


CO 1 / 1 o\ 

53.1 (12) 


C 14 — Cu4 — JN 4 — C24 


58.3 (6) 


r" 1 -.^ /'M pic p 1 /" 

Cu3 — U3 — C 1 j — C 1 o 


/tO T /A\ 

42.3 (y) 


P . . ") P . . ,1 XT/I P") /I 

Cui — Cu4 — JN4 — C24 


— 150.8 (5) 


P , , A Pii P 1 C P 1 /_ 

Cu4 — 03 — C 1 5 — C 1 6 


156.7 (6) 


tT\ A p /I XT/1 POO 

04 — Cu4 — JN4 — C28 


110.1 (6) 


p -i ^ p i z' XT") 

03 — C 1 5 — C 1 6 — N 3 


-51.6 (11) 


/~\~) p, _ a XT/I r"io 

03 — Cu4 — JN4 — C28 


cn i / 1 a\ 

67.2 (10) 


pn xt") p i /_ pic 

C17 — N3 — C16 — C15 


155.0 (8) 


C}A XT/1 no 

C14 — Cu4 — JN4 — C28 


/"-} /I 

—63.4 (6) 


C21 — JN3 — C16 — C15 


net £ i 1 a\ 
— /9.6 (10) 


P p A XT/1 P r\ Q 

Cu3 — Cu4 — JN4 — C28 


87.5 (5) 


P ") XT") P 1 /" P 1 C 

Cu3 — N3 — C 1 6 — C 1 5 


O /I 1 / 1 A\ 

34.7 (10) 


p, 1 P., /I XT/1 P O "> 

04 — Cu4 — JN4 — C23 


-8.1 (6) 


p i /_ XT') pn p i o 

C16 — N3 — C17 — C18 


A A / 1 A\ 

69.0 (10) 


P.") P.. /I XT/1 pti 

03 — Cu4 — JN4 — C23 


C 1 A / 1 1 \ 

-51.0 (11) 


/^") 1 XT') /"^ 1 "7 nio 

C21 — N3 — C17 — CI 8 


CO C / 1 A\ 

-58.5 (10) 


r*\A r^-,-,A XT/i ni 
C14 — Cu4 — JN4 — C23 


1 no a /c\ 
1 /8.4 (5) 


xtt pn pio 
Cu3 — JN 3 — C 1 / — C 1 8 


1 ni (n\ 
— 1 /3.6 (/) 


P O P A XT/1 P O "> 

Cu3 — Cu4 — N4 — C23 


-30.7 (6) 


XT") P 1 1 P 1 O P 1 A 

N3 — C 1 7 — C 1 8 — C 1 9 


59.5 (11) 


02 — Cu2 — 0 1 — C 1 


*\ AH f\ / iC\ 

-147.9 (6) 


pin P10 pin /-'-i a 

C 1 7 — C 1 8 — C 1 9 — C20 


C A A { 1 0\ 

-54.4 (12) 


XT 1 f '. . "1 1 

N 1 — Cu2 — 0 1 — C 1 


ii 1 //^\ 
21.1 (6) 


C 1 8 — C 1 9 — C20 — C2 1 


o c / 1 1\ 

53.5 (13) 


C12 — Cu2 — 0 1 — C 1 


on A / 1 C\ 

-82.0 (15) 


pin /~"1A PI 1 XT') 

C19 — C20 — C21 — N3 


C C A / 1 0\ 

-55.0 (12) 


Cul — Cu2 — 0 1 — C 1 


—131.2 (6) 


P1T XT') PI 1 

C17 — IN 3 — C21 — C20 


C £ 1 i 1 A\ 

56.3 (10) 


02 — Cu2 — 0 1 — Cu 1 


-16.7 (2) 


P 1 /" XT") P^ 1 P^ A 

C16 — N3 — C21 — C20 


"70 /" / 1 A\ 

-72.6 (10) 


N 1 — Cuz — 0 1 — Cu 1 


152.2 (3) 


p., O XT') p-) 1 /-'-I A 

Cu3 — N3 — C21 — C20 


1 TO A /H\ 

173.9 (7) 


C12 — Cu2 — Ol — Cul 


/l A / 1 r\ 

49.2 (15) 


p , , /i P/1 POO PO ") 

Cu4 — U4 — C22 — C23 


/I C 1 /A\ 

45.1 (9) 


02 — Cu 1 — (J 1 — C 1 


135.8 (6) 


p , , o p/1 poo pn 
Cu3 — 04 — C22 — C23 


1 co n 

158.7 (6) 


XT1 1 1 1 

N2 — Cul — Ol — CI 


on /z / 1 a\ 

87.6 (10) 


r\A pt"i pn XT/i 

04 — C22 — C23 — JN4 


O A / 1 A\ 

-53.0 (10) 


Cll — Cul — Ol — CI 


—38.0 (6) 


PI/1 XT/1 PT) POO 

C24 — JN4 — C23 — C22 


1 cn i /o\ 
15 /.Z (8) 


Cu2— Cul— 01— CI 


119.1 (7) 


C28— N4— C23— C22 


-81.5 (9) 


02— Cul— 01— Cu2 


16.7 (2) 


Cu4— N4— C23— C22 


35.5 (9) 


N2— Cul— 01— Cu2 


-31.5 (9) 


C28— N4— C24— C25 


-50.4(11) 


Cll— Cul— 01— Cu2 


-157.1 (2) 


C23— N4— C24— C25 


71.5 (11) 


Ol— Cu2— 02— C8 


138.5 (7) 


Cu4— N4— C24— C25 


-171.7(7) 
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N 1 — Cu2 — 02 — Co 


98.5 (10) 




XT/1 

N4— 


-C24- 


-C25- 


-C26 




5z.O (14) 


\^1Z V^UZ KJZ, 


Jt.U ^0 j 




C24- 


-C25- 


-C26— C27 




Cul— Cu2— 02— C8 


121.8 (7) 




C25- 


-C26— C27- 


-C28 


52.0(12) 


01— Cu2— 02— Cul 


16.7 (2) 




C24- 


-N4- 


-C28— C27 




50.2(11) 


Nl— Cu2— 02— Cul 


-23.3 (10) 




C23- 


-N4- 


-C28- 


-C27 




-71.7(10) 


C12— Cu2— 02— Cul 


-155.8(2) 




Cu4- 


-N4- 


-C28- 


-C27 




173.9(7) 


01— Cul— 02— C8 


-149.3 (6) 




C26— C27- 


-C28- 


-N4 




-53.0 (12) 


Hydrogen-bond geometry (A, °) 


D—R-A 




D — H 




R-A 






D-A 


D—R-A 


C2— HZ4-C13 




0.97 




2.75 






3.638 (9) 


153 


C2— H2S-C14 i 




0.97 




2.97 






3.689 (9) 


132 


C3— H35-C12 




0.97 




2.80 






3.428 (10) 


124 


C7— H7^-C12 




0.97 




2.87 






3.464 (9) 


120 


C9— H95-C14 




0.97 




2.81 






3.696(11) 


153 


CIO— HKL4-C11 




0.97 




2.80 






3.423 (9) 


123 


C14— H145-C11 




0.97 




2.79 






3.432 (10) 


124 


C16— H165-C11 




0.97 




2.75 






3.647 (11) 


154 


C17— H175-C13 




0.97 




2.71 






3.367 (9) 


125 


C21— H215-C13 




0.97 




2.75 






3.400(10) 


125 


C23— H23^-C12" 




0.97 




2.94 






3.765 (9) 


144 


C23— H235-C12 




0.97 




2.81 






3.708 (10) 


155 


C24— H245-C14 




0.97 




2.83 






3.469(11) 


124 


C28— H2&4-C14 




0.97 




2.84 






3.465 (10) 


123 



Symmetry codes: (i) y, x+\ , -z; (ii) y, x, -z. 
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